Portopulmonary hypertension (POPH) is a rare and life-threatening complication in patients with portal hypertension, with a prevalence of 3 -8%. It is characterized by pulmonary arterial hypertension (PAH) and results from obstruction to arterial flow in the pulmonary arterial bed, leading to the progressive deterioration of both the pulmonary circulation due to arterial remodeling and of the heart, as a result of right ventricular failure. Its diagnosis is based on hemodynamic findings based on a mean pulmonary arterial pressure (mPAP) ≥ 25mmHg, an increase in pulmonary vascular resistance (PVR) > 3 Wood Units or > 240 dynes/s/cm -5 , a pulmonary artery occlusion pressure (PAOP) ≤ 15mmHg or an elevated transpulmonary gradient (mPAP -PAOP: > 12 mmHg). Right heart catheterization (RHC) should be appropriately interpreted since management and MELD exception criteria depend on it. Although most therapeutic modalities have been inferred from patients with PAH, currently, new treatments are available and also various POPH clinical trials are ongoing, so further research data will soon be available. LT is a pivotal therapeutic option, but LT candidates require careful monitoring before, during and after the procedure.
Introduction
Patients with liver cirrhosis can develop pulmonary hypertension (PH) (mean pulmonary arterial pressure or mPAP ≥ 25 mmHg at rest) 1 due to different causes, such as a hyperdynamic circulatory state, an increase in effective intravascular volume and recurrent pulmonary embolism. Also, many diseases involve both portal and pulmonary vascular beds, and are associated with PH (antiphospholipid syndrome, connective tissue disease, schistosomiasis, sarcoidosis, chronic hemolytic anemia and human immunodeficiency virus infection) 1, 2 .
Mantz and Craig were the first to describe an association between portal hypertension (PHT) and PH in 1951 3 . Since then, many advances in the understanding of the pathogenesis and diagnosis of POPH as well as in therapeutic research have been made.
Portopulmonary hypertension (POPH) is defined as PH associated with PHT; specifically, an increased pressure gradient between the portal vein and the inferior vena cava. In PHT a gradient in the hepatic venous pressure > 6mmHg, a trans-splenic pressure > 15 mmHg and/or a portal vein pressure > 21 mmHg is diagnostic type of precapillary PH and before 1998, it was considered a secondary cause of PH. With time, it was included in the group of primary PH and since Evian, France (1998), it is a permanent member of Group 1 or pulmonary arterial hypertension (PAH) 3, 5, 6 . Its importance lies in that it can lead to significant morbidity and mortality, so early diagnosis and treatment are essential to timely referral for orthotopic liver transplantation (LT).
Definition
POPH is identified by an increase in pulmonary arterial pressure and a bloodstream flow impediment secondary to progressive obstruction of the arterial vascular bed 7 , leading to a step-by-step dysfunction of the right-sided heart. POPH criteria were described in 2004 by the Task Force on pulmonary-hepatic disorders and were maintained in the International Liver Transplant Society practice guidelines for the hepatopulmonary syndrome and POPH [8] [9] [10] (Table 1) .
It is important to remember that other causes of PAH should be excluded such as high flow states, volume overload, left heart disease, obstructive/restrictive lung disease, chronic thromboembolic pulmonary disease, sleep disorders among others 11 .
POPH is included in Group 1 of the World Health
Organization within associated causes of Pulmonary arterial hypertension (PAH) (2013) (Figure 1) 2 ; its recognition is important since these patients' survival is dire when compared with other causes listed in the same group 5 .
Epidemiology
Most patients are diagnosed between the fourth and fifth decade of life, unlike patients with idiopathic pulmonary arterial hypertension (IPAH) 1, 12, 13 . However, patients with an extrahepatic cause of PHT tend to be younger than those with liver cirrhosis as the underlying cause of POPH 14 .
The incidence of POPH is reported as 1 case per 3 million per year, and it is the most common form of PAH 15 . Its prevalence is 0.5 to 5% in all patients with PHT 16, 17 . The frequency of patients with POPH and extrahepatic portal hypertension differs according to the analyzed world region, whereby in the Far East, it is 30% while in Western countries, it is 10% 16, 17 . In the study REVEAL, (Registry to Evaluate Early and Long-term PAH), 4.9% of patients had POPH
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, with a male: female ratio of 1:1, but other reports consider POPH to be more frequent in women [18] [19] [20] . It is important to acknowledge that the differences in gender predominance depend on the studied population and not on the disease per se 20 . 
Definition Criteria
Portopulmonary hypertension 
Classification
Since 2009, the hemodynamic diagnosis of precapillary PH hinges on a mPAP ≥ 25 mm Hg, a pulmonary artery occlusion pressure (PAOP) ≤ 15 mm Hg, a pulmonary vascular resistance (PVR) > 3 Wood units (WU) or > 240 dynes/s/cm -5 , and a normal or decreased cardiac output (CO) 1 . Currently, due to the lack of a clear definition of mPAP, PVR and outcome, the term "PH on exercise" is not recommended 1 .
POPH patients meet these criteria with an increased hepatic vein pressure gradient (HVPG), and they can be classified according to the degree of mPAP increase ( Table  1 ). Up to 20% of patients with portal hypertension and a mPAP between 25 and 35 mm Hg harbor a hyperdynamic circulatory state (cardiac output increased) and/or a postcapillary element (increased PAOP) 16, 35 .
In patients with portal hypertension, a mPAP ≥ 25 mm Hg and a PAOP > 15 mm Hg lead to a diagnostic dilemma. There is no POPH consensus on the usefulness of the transpulmonary pressure gradient (TPPG) = mPAP -PAOP, in the diagnosis of patients with a reactive or disproportionate postcapillary PH (TPPG > 12 mm Hg) in the context of portal hypertension. The importance of this subtype of PH is that the histopathological image is similar to that of IPAH patients 9 . This type of postcapillary PH is seen in patients with left ventricular diastolic dysfunction alone or with concomitant systolic dysfunction 30 , although these associations have not been found in POPH patients 11 .
Patients with portal hypertension, a mPAP >35 mmHg, PAOP >15 mmHg and PVR below 3 WU or 240 dynes/s/ cm -5 or more, could represent a POPH subgroup since their TPPG is generally above 12 mmHg 11, 30 .
Histology and pathophysiology
Histologically, POPH may be similar to IPAH. In the muscular pulmonary arteries (diameter < 500 micrometers), the intimal layer may be thickened, with hypertrophy and fibrosis of the mean tier. In situ thrombosis associated with endothelial dysfunction (deficiency in pulmonary endothelial prostacyclin production) 12 , hypercoagulability, the formation of plexiform lesions, necrotizing arteritis and fibrinoid necrosis is also evident 23 . These all increase blood flow resistance through the pulmonary vascular bed 10 . Since this is a rare disease, no study model is yet available to accurately determine its pathogenesis, so no satisfactory pathophysiological explanation for the development of POPH has been established, but the initial stimulus initiates the pathogenic cascade and other factors sustain it. A hyperdynamic circulatory state has been proposed as the first stimulus (increased blood flow of chronic liver disease, characterized by a high cardiac output and subsequent vascular wall shear stress) 3 . It is associated with an imbalance between vasoconstrictor, vasodilator, and tissue
The most common etiologies of liver disease associated with POPH are alcohol consumption 21 , hepatitis C virus and an autoimmune etiology 3, 18, 22 , while extrahepatic portal hypertension is most commonly the result of portal vein thrombosis 21 and idiopathic portal hypertension 17 . Some studies have reported that 62.5% of splenectomized patients and POPH had an underlying autoimmune disease and although no significant difference was noted in Right Heart Catheterization (RHC) values between surgically and non-surgically treated patients, a previous splenectomy could have definite clinical implications 22 . It should be remembered that the presence of POPH correlates poorly with the severity of liver disease according to the Child-Pugh score or Model for End-Stage Liver Disease (MELD) 11, 20 .
The mean time period between the diagnosis of portal hypertension and the overt development of POPH is 4 to 7 years
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. Clearly, there is no relationship between the severity of the PTH and the degree of PH, but the risk of developing it increases in parallel with the time course of PTH 8, 20 . One of the most important risk factors are portosystemic shunts since vasoactive substances from the splanchnic circulation can be delivered to the pulmonary circulation 23 . Moderate to severe POPH may also correlate with the presence and size of spontaneous splenorenal or portocaval shunts 24 
.
In LT candidates, a prevalence of 5.3 -8.5% has been reported 11, 25, 26 , but notably, up to 5 -10% of patients may have moderate-to-severe POHP which will exclude them from the possibility of LT
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. It is necessary to keep in mind that when mPAP is > 35 but < 50 mmHg, RHC is required in the decision-making process (to proceed or not with the LT)
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. Patients with a pulmonary artery systolic pressure (PSAP) > 50 mm Hg on transthoracic echocardiography (TTE), will need hemodynamic corroboration of POPH with right heart (RH) catheterization (RHC) in at least 65% of cases 11. If patients are treated (with epoprostenol infusion, inhaled iloprost, ambrisentan or sildenafil), hemodynamic criteria allowing LT without excessive cardiovascular mortality can be fulfilled in 70% of patients 29 .
POPH entails a high mortality, with a reported 1-year survival of 35 -46% if left untreated 30, 31 , and a median survival of 15 months Mortality can be associated with complications of cirrhosis (up to 33%), RH failure (in 35%), a low cardiac index, low central venous saturation and lack of treatment 21, 33, 34 . With adequate treatment and LT, survival can be increased to 80%, 77% and 77% at 6-months, one-year and three-years, respectively
29
.
Toapanta-Yanchapaxi L, Sánchez-Ávila JF, Rodríguez-Almendros N, Rodríguez-Andoney JJ, Hernández-Oropeza JL, Páez-Zayas VM, García-Juárez I. J Rare Dis Res Treat. (2017) 2(4) . DuBrock et al. demonstrated that some cytokines such as macrophage inflammatory protein-3 beta, hepatocyte growth factor, macrophage migration inhibitory factor (MIF), platelet-derived growth factor AA, interleukin-17A, monocyte chemoattractant protein-1, myeloperoxidase, leptin, and growth hormone can be elevated > 1.5 fold in patients with POPH 38 . If they are combined with the presence of a shunt that diverts portal blood flow away from the liver thus precluding their inactivation via hepatic metabolism, the resulting injury is perpetuated. Others have suggested that an increased circulation of ET-1, estradiol levels and interleukin 6, is a potential injury promoter or initiator 39 . Some genetic polymorphisms relating to estrogen signaling, cellular growth/apoptosis, and oxidative stress have also been considered and upon genetic analysis, the ENG gene has shown the greatest mutational frequency 18, 40 .
Diagnosis
Many patients may initially present with dyspnea or signs of RH failure
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, but up to 60% can be asymptomatic. Even if dyspnea is the first symptom, it can be associated with cirrhosis complications at first and later be associated with syncope, lightheadedness, or chest pain 13 . In the REVEAL study, 31% of patients referred fatigue, 33% had edema, and 12% had abdominal distension as clinical manifestations
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. Physical examination can detect an accentuated and split second heart sound, a right ventricular heave, right sided S3 gallop and jugular vein distention 3, 23 . Although some clinical signs can suggest the diagnosis, TTE and RHC are still needed, especially in symptomatic patients and those being screened for LT 41, 42 .
Other recommended tests include a non-encouraged 6-minute walk test (6MWD), pulmonary function tests, arterial blood gases, ventilation/perfusion lung scan and high-resolution computed tomography 29 . Arterial blood gases may show mild to moderate hypoxemia, an increased alveolar-arterial oxygen gradient and decreased carbon dioxide levels 3 . Noninvasive biomarkers have been evaluated, and a MIF > 60ng/mL is considered a potential surrogate whereby its area under the curve is 0.77, it has 92% sensitivity and 92% specificity for the diagnosis of POPH 38 .
In the literature, the term systolic pulmonary artery pressure (SPAP) is frequently used as the main echocardiographic measurement in the context of PH. But there is much data that can be obtained by TTE, including pulmonary regurgitation end-diastolic velocity, RV/left ventricular ratio, RV outflow tract acceleration time, tricuspid annular plane displacement in systole, RV isovolumetric relaxation time, RV wall thickness, inferior vena cava (IVC) inspiratory collapse degree 14 , RV performance index, RV tissue doppler index, eccentricity index, CO and LV diastolic function, valvular morphology/ function, cardiac defects, and right atrial area 3, 14 .
One must consider that echo SPAP is not the same as the echo RV systolic pressure (RVSP) 43 . The latter is calculated with the peak tricuspid regurgitant velocity (TRV) plus the right atrial pressure (RAP): RVSP = 4 x TRV 2 + RAP 44 . Unfortunately, RAP cannot be directly measured with TTE and it can only be estimated with the inspiratory variation in IVC diameter in a subcostal echo view. The term SPAP can be used instead of RVSP only if a RV outflow tract obstruction is excluded 43, 44 .
TRV aids in the decision on who is a RHC candidate. Patients with a TRV > 3.4 m/s (PH high-probability) and TRV 2.8-3.4 m/s (PH intermediate probability) plus echo data suggestive of RV pressure overload need to undergo RHC to establish the hemodynamic POPH diagnosis
In a study of LT candidates, a PSAP < 38mmHg had a negative predictive value of 100%, a positive predictive value of 41%, a sensitivity of 100% and a specificity of 93%
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. If patients have a PSAP ≥ 50mmHg, a RHC is required, as well as appropriate interpretation of the fundamental pulmonary hemodynamic parameters 45 , since TTE cannot sufficiently discriminate between patients with pulmonary vascular disease (increased PVR) and those with a hyperdynamic flow state (normal or low PVR)
.
Reports have shown that only 24% of a UK cohort 32 and up to 65% in a UNOS MELD exception group 46 of patients diagnosed as POPH had a correct diagnosis by RHC. The utility of acute vasoreactivity testing 23 is to determine which patients would be appropriate candidates for long-term calcium channel blocker (CCB) therapy for the management of PH. Currently, only patients with the idiopathic and anorexigenic forms of PAH require this test. In the case of POPH patients the use of CCB is risky and not indicated.
Pulmonary hemodynamics in chronic liver disease patients are characterized by a hyperdynamic state associated to a minimal increase in PAOP and increased CO (there is passive distention of compliant arteries and recruitment of upper lung arteries) 3 , but also, to an increase in pulmonary venous volume either directly due to hypervolemia and/or increased pressure resulting from the limitation of pulmonary blood flow to the left atrium (reflected as an increase in PAOP). Finally, there is fixed pulmonary vascular disease due to obliterative changes in the vasculature (true POPH) 3 .
Intrapulmonary vascular dilations (IPVDs) have been reported in up to 59% of patients, suggesting an overlap between POPH and the hepatopulmonary syndrome. Their presence can compromise treatment (induce hypoxemia) as well as outcome/survival, especially in the LT setting 
Two conclusions can be obtained: first, all POPH patients need a contrast-enhanced TTE and second, further information is needed to corroborate this association.
Aside from the previously described parameters, some reports advocate for the use of a TTPG >12mmHg since it can reflect real vascular remodeling 45 , particularly if the PVR and PAOP are elevated (25% of cases) 45 . However TTPG can suffer variations due to CO changes, distention and recruitment of pulmonary vessels 47 . In the context of increased PAOP and PVR, the diastolic pulmonary gradient is apparently more reliable in predicting structural vascular changes.
Treatment
Effective management begins with an early diagnosis and requires surveillance over time 18 ( Figure 2 ). POPH should be treated according to the patient's functional status, with an escalating regimen of vasodilator therapy 5 . Currently, up to 14 Food and Drug Administration approved therapies can be considered in POPH 48 , but only 28.5% of patients receive targeted pre-transplant treatment 49 .
In patients with POPH, a delay in initiating medication is associated with an erratic use, resulting in poorer overall survival than in patients with IPAH (40% vs. 67%) 5 .
General strategies
The primary intent is to improve the patient's quality of life and provide symptomatic relief, but also other factors must be taken into account. If hypoxemia is present, long-term oxygen therapy should be considered. Annual immunization against influenza and pneumococcus is necessary and pregnancy should be avoided
.
There is a definite increased risk of thrombosis due to factors such as venous stasis and right heart enlargement, but this needs to be balanced with the risk of bleeding, since this population characteristically has thrombocytopenia and varices. Anticoagulation should be administered on a caseby-case basis
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. B-blockers are commonly used in cirrhotic patients, but in patients with a mPAP ≥ 35 -40 mmHg, their withdrawal should be considered since this strategy can increase cardiac output (CO) as well as exercise capacity. Nonetheless, no formal recommendation has yet to be made
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Cirrhotic patients tend to have volume overload, so a standard combination of furosemide and spironolactone (ratio of 40 mg and 100 mg, respectively) can be considered, but they have to be used with caution since they can decrease CO by diminishing the RV preload 51 . The use of CCB can be dangerous since they promote fluid retention, reduce RV function and lead to an increase in portal pressure 14 . Transjugular intrahepatic portosystemic shunt is not recommended since it can worsen POPH
23
Pharmacological management
Patients with POPH have always been excluded from prospective POPH trials so their management has been inferred from other forms of PAH 49 . Prostacyclin analogues, endothelin receptor antagonists, and phosphodiesterase-5 Inhibitors are therapeutic options. At the moment, most of the efficacy data has resulted from cohort studies, and new data is expected shortly on ambrisentan (Portopulm -NCT01224210), macitentan (PORTICO -NCT02382016), and sildenafil (RePo1 -NCT01517854) 52 . Epoprostenol, a metabolite of arachidonic acid has been successfully used as a preparatory step to LT. It needs to be administered with an intravenous (IV) pump (with the ensuing risk of bloodstream infections) since its halflife is 2 -3 min 53 . Hemodynamic improvement has been reported. In a cohort of 36 patients with moderate and severe POPH, followed for a median of 15.4 months, mPAP, PVR, and CO improved in 19 patients and two recovered sufficiently to be considered for LT 54 . Treatment can also provide a benefit in functional capacity 49, 55 and IV use can increase 5-year survival to 71%. Other observed changes are improvement in brain natriuretic peptide and human atrial natriuretic peptide levels 23 . Careful follow-up is needed since epoprostenol can worsen hepatic function and cause clinical deterioration; it may also cause progressive splenomegaly 23 .
Prostacyclin Analogues
An advantage of iloprost is its route of access since it can be nebulized. It has a half-life of 20 -30 min, and can increase exercise tolerance as well as survival to 77%, 62% and 46% at 1-,3-and 5-years respectively 14 . No interaction is expected with HCV treatment drugs 56 .
Treprostinil is considered long-acting since it has a half-life of 4.5 hours 53 . It can be administered via the oral, subcutaneous or IV route 57 . It has been used in the pre-LT setting with favorable results, and during the perioperative period no hemodynamic instability, reperfusion syndrome, worsening of PH or the need of additional treatment were observed 53 . Like iloprost, it can be combined with sildenafil in LT candidates 58 who may even be switched to oral sildenafil 2-3 months after LT 53 . Of note, its effectiveness is dosage-related and infections associated with the presence of a catheter are always a risk. Final results from the treprostinil trial (NCT01028651) that included 13 patients, are shortly expected. To date, the preliminary report revealed that 12 patients did not reach the primary endpoint (mPAP below 35 mmHg and PVR under 3 Wood units at 24 weeks) 59 .
Endothelin Receptor Antagonists (ERA)
ERA selectively or non-selectively block the ability of ET-1 to bind with the A or B endothelin receptor in endothelial and arterial smooth muscle, thus inhibiting vasoconstriction. Bosentan and ambrisentan are examples.
Bosentan can improve exercise capacity and hemodynamic variables in POPH, independently of the liver disease severity. Reports show that after 5 months, PVR decrease 31% and the cardiac index increases 39%
.
Other studies have reported a 3-year survival rate of 89%.
Bosentan has three circulating metabolites resulting from cytochrome P450 activity and it is primarily eliminated by hepatic metabolism, possibly involving the organic anion transport protein (OATP) 60 . In vitro and in vivo evidence shows extensive hepatic metabolism by CYP2C9 and CYP3A, so concomitant administration of CYP2C9 inhibitors such as fluconazole, amiodarone, itraconazole, amprenavir, erythromycin or diltiazem could increase plasma bosentan concentrations 60 . It can also increase liver transaminases (three times above the upper limit of normal), but this may resolve with drug dose reduction or discontinuation
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. Contraceptives may not be reliable when coadministered 60 . In the case of HCV treatment drugs, elbasvir/grazoprevir is contraindicated, ombitasvir/ paritaprevir/ritonavir + dasabuvir is not recommended nor is the velpatasvir/sofosbuvir combination. Potential interaction has been reported with daclatasvir, but the Ledipasvir/Sofosbuvir combination does not appear to interact. For more information on interactions with HCV drugs, http://www.hep-druginteractions.org/checker can be reviewed 61 . Glyburide is contraindicated with the use of bosentan.
Ambrisentan is an oral selective ERA with a longer half-life -up to 15-hours -and minimal renal elimination. It is primarily metabolized by uridine 5′-diphosphate glucuronosyltransferases (UGTs) and to a lesser extent, by CYP3A and CYP2C19; it is not recommended in severe hepatic impairment 60 . It improves mPAP, PVR, and CO, it has few hepatic side effects 58 and it can be used when bosentan is not tolerated. No dose adjustment has been recommended if coadministered with ketoconazole, warfarin, digoxin, contraceptives, omeprazole or rifampicin 60 . In the case of HCV treatment drugs, potential interaction is expected with elbasvir/grazoprevir and ombitasvir/paritaprevir/ ritonavir + dasabuvir. Daclatasvir, Velpatasvir/Sofosbuvir, Ledipasvir/Sofosbuvir do not appear to interact. For further information on interactions with HCV drugs, http://www. hep-druginteractions.org/checker can be reviewed 61 .
Macitentan is a newer molecule with sustained receptor binding and increased tissue penetration. In PAH (SERAPHIN), it has shown to decrease morbidity but not mortality 48 . Results from the PORTICO trial are expected (24-week study to evaluate the efficacy and safety of macitentan, 10mg once daily). In the case of HCV treatment drugs, potential interaction is expected with ombitasvir/paritaprevir/ritonavir + dasabuvir. With daclatasvir, elbasvir/grazoprevir, Velpatasvir/Sofosbuvir and Ledipasvir/Sofosbuvir no interactions are to be expected 56 . In patients with POPH awaiting LT, ambrisentan or macitentan are preferable options to bosentan 29 .
Phosphodiesterase-5 Inhibitors
These drugs prevent the metabolism of cyclic guanosine monophosphate which mediates the vascular effects of nitric oxygen (NO) and the consequent reduction in pulmonary arterial pressure. Sildenafil is a well-known agent and has demonstrated improvement in functional class, exercise capacity (6MWD), it decreases PVR, mPAP, BNP, and increases CO at a dose of 50mg, 3 times a day. In combination with iloprost 55, 62 , the improvement was sustained over 12 months. Long-term use has been recommended, and in a report by Boniface et al., sildenafil was used two years in a patient with severe POPH; it was well tolerated, with improvement in functional class, dyspnea and 6MWD 62 with no liver toxicity or impact on PTH. Further data is needed on the long-term use of sildenafil.
Other categories such as sildenafil -bosentan (in this presentation, sildenafil may increase bosentan systemic exposure by up to 50%, so adequate monitoring is recommended 60 ), bosentan and tadalafil (no significant changes in bosentan were reported with coadministration 60 ), and ambrisentan (no dose adjustment is needed in dual therapy 60 ) can also be used. When all oral therapies are analyzed, they can improve hemodynamic and clinical parameters, leading to a response in liver transplantation eligibility criteria (MPAP below 35 mmHg or 35 ≤ mPAP < 50 mmHg with PVR under 250 dynes/s/ cm -5 ) in 53% of patients 55 . However, combinations are preferred especially in patients with severe pulmonary hypertension or in need of an urgent LT, since oral drugs may not be sufficient 29 . If it is used in a patient on HCV drug therapy, the concomitant use of ombitasvir/paritaprevir/ ritonavir + dasabuvir is contraindicated.
Soluble guanylate cyclase stimulator
Riociguat, a soluble guanylate cyclase stimulator, can increase cyclic guanosine monophosphate production and lead to vasodilatation. It has been shown to lead to a sustained 4-year improvement in exercise and functional capacity in patients with PAH (drop-out rate of 47%) 63 , but no data is available on its long-term use in POPH. Reported adverse events are nasopharyngitis, peripheral edema and hemoptysis (that can be fatal, and in cirrhotic patients, caution must be advised). In the PATENT study, 13 patients received 2.5mg, three times a day (2 in placebo, 11 with riociguat) but no sub-analysis was performed 1, 14 .
Liver transplantation
LT has been considered the cure of end-stage liver disease. Even if POPH has been taken into account as an "indication" for LT, this is still controversial and an adequate evaluation is needed since fatal outcomes have been reported after LT (in the immediate/early postoperative period) in cases of severe POPH 32, 64 . Markedly, in those with a diagnosis established in the operating room. , 95% CI 1.02-1.23, P=0.02) have been associated with the waitlist mortality. These data raise concern on the actual UNOS policy since these factors do not impact post-transplant mortality 65 .
Mild POPH has minimal perioperative risks 27 , but moderate disease leads to different outcomes. In a report of patients with mPAP between 34 and 60mmHg, 5 of 12 died within one month post-LT
66
. Also, a mPAP above 35 mmHg has been associated with a greater risk of death, prolonged post-LT ventilation, ICU readmission, and a longer hospital stay 49, 67, 68 . Once appropriate management has been implemented, and normalization of RV size/function pre-LT, a safe LT can be performed in 50% of cases 49 ; it is associated with a 64% 3-years survival 46 . The routine use of pharmacotherapy, careful patient selection and decreasing mPAP ≤35mmHg is required 42, 66 . Used treatments have included sildenafil, epoprostenol, and bosentan 27 . In a UK cohort, 8 of 30 POPH patients were treated with sildenafil, ambrisentan, and sildenafil or epoprostenol preoperatively, and after LT, 3 patients required iloprost. After a 5-year follow-up, five of the eight patients were still alive (in the mild category treated with sildenafil, one died within 6 months, and one lived; 4 patients with moderate POPH that received treatment were alive; 2 in the severe POPH category, but that were pre-operatively optimized, also died) 32 .
When a patient has a mPAP > 50 mmHg and/or PVR > 800 dynes/s/cm -5 , the patient should not be considered a LT candidate 23, 49 . Although recent reports of improved survival are available, death can be associated with fulminant RV failure, and an associated mortality rate of 42% at 9-months and 71% at 3-years makes it unacceptable 32 . In cases where LT is to be performed in patients with severe POPH (young, in good clinical condition and without severe right ventricular dysfunction or high PVR), with a positive response to vasodilator therapy, the use of inhaled nitric oxide and intravenous epoprostenol should be considered 69 , as well as right ventricular function evaluation. Khaderi et al. have reported the outcome of 7 patients with severe POPH. All received vasodilator therapy (6 with IV epoprostenol, one with oral sildenafil) with IV or inhaled epoprostenol during the perioperative period. The survival rate was 86.7% at 7.8 years 70 .
Indications for LT are hepatic decompensation (ascites, hepatic encephalopathy, variceal bleeding) and a MELD ≥ 15. Patients with mild POPH will not be granted exception MELD points because to acquire them, patients under treatment must fulfill certain criteria (Table 2) 71.
The aim of this policy is to perform the LT before irreversible changes relating to POPH develop 69 . However, UNOS does not provide criteria pertaining to satisfactory RV function. In spite of the UNOS criteria, other scenarios should be considered since patients with a mPAP > 35 mmHg can have normalization of PVR and RV function with treatment and they are still not considered for exception points 71 .
During surgery, three critical moments need to be considered. Anesthetic induction, the anhepatic phase, and reperfusion 14 . Significant changes in pulmonary hemodynamics after reperfusion may develop 10 , and an increase of 5-18% in CO (more than 15 L/min) could cause additional strain on a pre-existing strained RV 72 . This phase is critical since up to 30% of LT can develop the reperfusion syndrome, resulting in a rise in PA pressures that can precipitate RV failure and subsequent graft congestion 10 .
Aside from a prolonged surgery, poor early graft function, primary graft dysfunction, or death due to hemodynamic causes (myocardial infarction or cardiac arrhythmias) may also complicate the LT course. Management in this instance can be further supported with the use of inhaled NO, IV prostacyclin, milrinone or extracorporeal membrane oxygenation (ECMO) 73, 74 .
Since sufficient predictors are unavailable for normalization of post-LT hemodynamics, IV fluids need to be balanced and in some cases restricted; if renal function has deteriorated, hemodialysis must be considered. The key to management is to avoid right ventricular failure from acutely elevated pulmonary artery pressure or a sudden increase in right ventricular preload 66 . Pharmacological treatment (alone or in combination, such as prostanoids, nitric oxide, and sildenafil or epoprostenol IV + nitric oxide, inhaled iloprost + nitric oxide, sildenafil + nitric oxide) can be continued during hospitalization and RHC needs to be performed before weaning can be considered 71 . In some instances, a gradual switch from prostanoids to sildenafil can be made, and since no clear guidelines are available, careful hemodynamic monitoring is crucial. In some cases, this change can be made over a 2 to 3 month period 53 . Some reports suggest that the first 6-months after LT are characterized by instability, but after this period, improvement in cardiopulmonary hemodynamics is possible with near-normalization or normalization of the mPAP and PVR 29 . RHC can be considered on a case-tocase basis. Precaution is recommended when tacrolimus is used since it can induce hypertension and further increase the afterload and deteriorate left ventricular diastolic dysfunction 68 . The choice of POPH-targeted therapy should be based on parameters such as PH severity, severity of pre-transplant liver disease and the potential interactions with immunosuppressive therapy 29 
.
In the case of sildenafil and calcineurin inhibitors such as tacrolimus, interaction might exist, because both drugs are metabolized via the P4503A4 cytochrome pathway. In a study by Christ et al., sildenafil pharmacokinetics in renal transplant recipients was evaluated: the concomitant administration of these drugs led to a 44% greater sildenafil maximal plasma concentration and a 90% greater AUC. Also, the elimination half-time for sildenafil was prolonged (4.7 hours) 75, 76 . Since blood pressure decreases have been reported, a starting dose of 25 mg sildenafil should be considered with adjustment of antihypertensive drugs if they are concomitantly administered 75, 77 . Since bosentan is metabolized by CYP2C9 and CYP3A, its interaction with calcineurin inhibitors is relevant. If cyclosporine is also administered, on the first day of concomitant administration, a 30-fold increase in bosentan was observed, reaching a steady state in up to 7 days
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. At this time, the coadministration of bosentan and cyclosporine is contraindicated 60 
.
In the case of ambrisentan, a 58% increase in its steadystate has been observed if administered with cyclosporine, and it could also be associated with cyclosporine-induced inhibition of hepatic OATP-mediated uptake 60 . The current recommendation is to use a once a day 5mg dose. In the case of tacrolimus, no adjustments are necessary since no changes in the steady-state of ambrisentan have been reported 60 . Mycophenolate mofetil is another immunosuppressant option, it has a UGT enzyme metabolism and when coadministered, no significant changes have been reported, so no dose adjustment is required 60 .
Since LT can cure a life-threatening process in a distant organ, how to accurately select these patients and how to prioritize them is still a research issue. Combined lung and LT is an option for patients with coexisting disease such as cystic fibrosis and Alfa 1-proteinase inhibitor deficiency. In cases of combined liver -lung transplant with POPH, 3-year survival is 62% and a 5-year survival of 49% has been reported 23, 27 ; this therapeutic strategy may not be routinely required in cases of mild to moderate POPH.
In conclusion, POPH is a type of pulmonary hypertension present in patients with cirrhosis. Despite the fact that pharmacological therapy is available, careful patient selection, intensive pre-operative optimization, and expert perioperative care are needed to further survival benefits.
